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ABSTMCT

It is the objective of this report to look at benefits of public transit in a broad
way to gain a better understanding of how their measurement can be used to assist
in making decisions. The report provides a comprehensive view of the range of
consequences of transit services and indicates various methods that can be used to
assess their benefits.

Benefit assessment is done to make decisions, and a general discussion is
given of how to view benefits for that purpose. Consequences of transit are
illustrated through the use of a benefit tree. Transit service provides an alternative
means of travel, results in changes of trip making by automobile and transi~ affects
land-use activity and leads to direct and indirect employment. These effects lead to
still fiwther consequences.

Methods are provided for measuring benefits. These methods include an
enhanced consumer surplus approach to measure travel related changes and a land-
use redistribution model to identifj travel benefits of land-use changes. Techniques
for air pollution assessment and for employment impacts are also given in detail.
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INTRODUCTION

These techniques can lead to double counting of benefits if not carefully done.
Benefits are usually expressed in monetary units; well-established methodologies
are employed for such items as out-of-pocket cost savings, time savings, and
accident reduction. Typically these methodologies try to directly relate benefits
to these savings by using the difference between the cost of the good and the
amount a person is willing to pay for it. In this case, the “good is either the
access provided by transit or one of its many indirect effects.

Transit has unique characteristics that do not fit well with traditional
methods of benefit measurement. First, user benefits cannot be easily found
because of difficulties in determining the way willingness-to-pay varies across
individuals and population segments. A simple time-savings approach, popular
in benefit-cost studies of highways, can underestimate user benefits because some
individuals can have a large willingness-to-pay, even when the average individual

‘Transithas unique charactektics which does not. Besides a possible time savings, users can benefit by being able to

do not fit well with traditional methods make trips that would otherwise be foregone, by saving other personal resources,

of benefit measurement. ” and by being able to make trips to more desirable destinations.

Second, transit has comparatively large nonuser benefits. Many people
who rarely use transit are its strongest supporters. There may be an option value
(“I-might-need-it-some-day”), environmental concerns, sympathy for those who
cannot use automobiles, civic pride, or other similarly intangible factors. If
people perceive that transit has benefits, then the benefits exist to some extent.
This argument is conceptually consistent with notions of consumer surplus, but
we possess few means to measure nonuser benefits.

Third, transit may have effects on the location of land development
activity. Recent rail transit projects have had significant impacts on the urban
areas they serve. Major development projects have been positioned near stations,
which lead to overall shifts in regional land-use patterns. Not only can a
development project cause a desirable change in the location of activity, it can

2 Measurement of Transit Benefits
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INTRODUCTION

B, OBJECTIVES The estimation of benefits from transit investments is a difhmlt process
which can be approached with many different points of view. It is the objective
of this report to look at benefits in a broad way to gain a better understanding
of why local citizens positively perceive transit services. The report will attempt
to provide a comprehensive view of the range of consequences of transit sewices
and to indicate various methods that can be used to assess transit benefits. In
additio~ comparisons will be made among methods to assess benefits in various
communities and to compare benefits from a political viewpoint to those from a
technical viewpoint. Guidelines for benefits measurement are provided with
examples.

4 Measurement of Traruit Benejits
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‘The political process in a democratic
system provides a way for a community
to express its opinion of what is artd
what tit i?npo@ant.”

PRINCIPLES AND ISSUES

The economic viewpoint of benefits is broader in that benefits can accrue
to others and still be of value. This viewpoint uses a willingness-to-pay criteria
for benefits; i.e., how much are users and nonusers of a system willing to pay for
a service beyond its price? The difference between willingness-to-pay and price
can be viewed as a benefit — consumer surplus. The economic view also assumes
that the benefits can be measured (or converted) to monetary units. Benefits are
derived from an analysis of supply/demand equilibrium and from the behavior
of individuals who make choices in an open market condition.

The third viewpoint of benefits is a political one. The political process in
a democratic system provides away for a community to express its opinion of what
& and what fin ‘t important. When duly elected officials make choices, ideally they
are expressing the collective feelings of society about the benefits of different
governmental activities. The value placed on transit by voters, primarily nonusers,
is an indication of the benefits beyond those accruing to users. If a local
cummunity willingly taxes itself to spend large sums of money for transi$ this
implies they feel there are large benefits of transit, irrespective of any quantitative
measures. Promotional materials from transit agencies, citizen groups and
referenda advocates often include environmental improvements, access to jobs,
economic development, better mobility for others, emergency transportatio~ and
enhanced community image/pride as reasons to support transit.

The political process involves tradeoffs and choices and can be a good
indicator of community values. However, there are factors that may cause the
political process to represent opinion poorly. Lack of open debate, unfair
Wmpetition between ideas, over-representation of special interests, or consideration
of other unrelated issues (e.g., educational policy or low income housing) can
inhibit the interpretation of transit decision making as a means of measuring
benefits.

6 Measurement of Transit Ben@its
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PRINCIPLES AND ISSUES

Decision Basis for Benefit Measurement

Benefit analysis is done so decisions can be made. A decision could be for
a specific purpose, such as the selection of the best alternative, or for more
general reasons, such as to generate support for all transit services.
Understanding the nature of decisions is the key to benefit measurement.

Specific decisions involve the comparison of proposed alternatives against
a base system. The comparison process is a useful way of dealing with many of
the philosophical, conceptual, and mathematical difficulties with benefits
measurement. Biases caused by assumptions tend to cancel each other OULsince
they either have the same effect on all alternatives or have very little differential
effect (i.e., it only makes a difference if there is a difference). For example, there
may be concern over the choice of an appropriate interest rate, but if all
alternatives have roughly the same portion of capital costs and roughly the same
time stream of maintenance costs, then interest rates may not make much of a
difference in the final decision. Similarly, air quality impacts on health maybe

“Unde@mding the nature of decirions k
very difhult to assess, but all alternatives may have similar effects.

the key to ben@t measurement. ” The importance of many of the subjective benefits of transit will be
directly related to the type of decision being made. A decision to select a
particular technology (i.e., rail versus bus) should include a broader range of
benefits than a study of alternative locations of a particular technology. Rail
transit is perceived by many civic leaders and elected officials as positively
affecting economic developmen~ jobs and civic prestige, while bus transit does
not. Rail versus bus decisions may be made at the local level by elected officials
considering these factors, but these factors might be ignored at a federal level.
Locational decisions, in particular, need not consider quite as many factors, since
there may be no differential impact. For example, community prestige maybe
the same regardless of the chosen locatio~ so it need not be a component of a
benefits assessment for that tier of a decision.

8 Measurement of Transit Benefits



S5Z!SSI(1..STIdIDNIWd



SZU2SSI(7NVSKH13NIW



PRINCIPLES AND ISSUES

Definition of Null Alternative

Benefits are a relative measurement. They are envisioned as savings that
occur as a result of an investment. They are found by comparing the world with
a transit change against the world without it. Accordingly, the definition of the
base or null alternative is important to the measurement of transit benefits. The
definition will depend on the type of analysis. For example, the base alternative
for a major fixed guideway proposal may represent the current transit system with
minor changes over an extended period, including fleet replacements and minor
service improvements.

An occasional study has been performedl~ of the impact of having no
transit service in a particular community. These studies start with the assumption
that transit service has been eliminated, and then they calculate the costs that are

‘!Benefits. . . are found by comparing incurred (additional travel costs, social services, etc.) as a result. Attempts are

the world with a transit change agm”nst made to develop a total cost that includes all impacts of removing the system.

the world without it. ” Such studies are used to establish a baseline for transit benefits. Similar
approaches are widely used, topic by topic, to demonstrate the benefits of an
existing transit service. For example, air pollution and energy savings could be
calculated by looking at the air pollution reduction per transit trip versus the
same trip by automobile. Unfortunately, this approach is not very realistic in that
seldom does a community seriously consider the elimination of all transit service.
Assessing benefits in this manner would be acceptable only if service might be
eliminated in entire areas of a city or parts of a state.

In all cases there is considerable judgement in definition of the base
system. Assumptions about the base system could substantially affect on

lDoekendorf, J., October, 1972.

2Urban Institute, June, 1991.

Measurement of Tran+n”tBenefits 11
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PRINCIPLES AA?D ISSUES

.

Pereeived Versus Measured Benefits

G&J

‘Benefits occur because people believe
them to be important. ”

Benefits occur because people believe them to be important. People are
willing to pay a certain price for something because they believe it to have
positive effects. The perceptions of people as well as the actual characteristics
of the good must be considered. Benefits that are perceived may be much
different from ones that can be measured, and there could be important
perceived benefits that are impossible to measure. For example, there maybe
a strong perception on the part of the community that transit substantially
reduces lung disease from air pollution. Calculations of air quality impacts may
show very little actual change in community health. Nonetheless, the perceived
substantial benefit for health will be an important factor in the debate that leads
to decisions. In this case, the real benefit is what is believed to exist, not the
measurement.

A similar example relates to the community image of transit. Residents
of an urban area and their elected officials may feel that their community needs
a certain form of transit to enhance the status and image of the community. As
a result they decide to increase their taxes to support the system. The actual
level of benefit from community image is nearly impossible to measure;
nonetheless, it is a deterrnining factor in the decision. The level of the overall
perceived benefit could be interpreted to be as at least as large as the amount of
local money spent on the system.

Over time, the real benefits of a system will prevail over perceived
benefits, if there are major differences. As people gain experience with a system
they see the actual benefits. Sometimes there is disappointment in the system;
in other cases people might be pleasantly surprised.

Measurement of Transit Bene@s 13





PRINCIPLES AND ISSUES

‘Double counting cannot be totally
avoided. The simplest way to ovexome
many of the problems with double
counting is to not add benefits togethe~”

Double counting cannot be totally avoided. The simplest way to overcome
many of the problems with double counting is not to add benefits together.
Consequences of transit can be displayed for each alternative, and these
consequences need not be combined. The information can then be interpreted
and compared by decision makers who are making tradeoffs in their minds to
reach a conclusion. Some factors will be ignored while others are given high
value as these decisions are reached. It is essential not to over-represent a given
benefit by providing several redundant measures.

Venn diagrams, or similar graphical techniques, can be used to show
double counting where it exists.

( Tax Base Changes ~

Measurement of Trm”t Benefits 15
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PRINCIPLES AND ISSUES

D. TECHNICAL ISSUES Beyond the issues raised earlier in this chapter there are technical issues
IN BENEFIT that affect how the benefits are interpreted and affect the underlying validity of

MEASUREMENT their measurement. Three of the more general technical issues relate to the size
of the universe, aggregation of benefits and standardization.

Size of the Universe

The universe is defined by the limits of the system usually delineated by
geographical boundaries. The size of the universe can make a big difference to
the perceived magnitude of benefits. The definition of the universe is especially
important when relative measures are used, such as percentage reduction in air
pollution or energy use or the percentage change in trips to a locale. If the size
of the universe is large, the relative magnitude of transit induced change will
appear to be small. Measures of this sort can be misleading since there would
be larger impacts in smaller areas or different time periods. It is better to simply
report the magnitude of the effects and allow comparison between alternatives
rather than putting them on a relative scale. Different individuals can then
interpret whether or not they are significant, based on their magnitude rather
than on the choice of the size of the universe.

-gation of Benefits

If nonrnonetary benefits are to be combined, the choice of the
mathematical formulation will affect results. Generally, benefits are combined
using a linear functio~ by adding individual benefits put in some common set of
units such as dollars or time. The use of a linear function assumes that each
benefit is independent (unrelated) of all other benefits. Since some benefits are
invariably related to others a simple linear sum could seriously misrepresent the

Measurement of Transit Benefits 17
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PRINCIPLES AND ISSUES

E. INTERPRETATION Once a set of benefits has been identified and measured, they should be
OF BENEFITS interpreted to build confidence in the analysis. The process of benefit

measurement always involves a series of simplifications, omissions and
assumptions that must be examined to determine their effects on the results. The
interpretive phase could involve several activities.4

Break-even Analysis

Break-even analysis tells how much better the best alternative is over the
second-best. Such an analysis is often easy to perform. An important question
is addressed: Are the differences between the best and second-best alternatives
significantly large so that they are not within the range of differences that might
be expected from the data and procedures used? Such an analysis would be
conducted by comparing marginal costs versus gains. The marginal gain of the
best plan over the second-best plan should be examined in relation to the process
used to delineate the differences in the plans. If the differences are beyond the
range of variance due to the forecasting techniques, there should be a greater
degree of confidence in the best plan.

Sensitivity Analysis

As mentioned earlier, the purpose of sensitivity analysis is to identi& the
effects of the various parameters and assumptions used in the forecasts and in the
evaluation. The results of the forecasting procedures may be very sensitive to
some parameters and insensitive to others. The sensitivity analysis can be

‘%eimbom, E., Oct., 1977, p. 25.

Measurement of Transit Benejits 19
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PRINCIPLES AND ISSUES

Impact and Incidence Analysis

The impact (upon whom) and the incidence (at what period in time) of the
costs and gains associated with the best alternatives should be examined. The
costs and gains for two plans may be very similar in the aggregate but very
dissimilar in their effects on those who receive them or the times in which they
occur.

Implementation Feasibility

The relative ease with which a plan can be implemented should be
examined. A superior plan with a low probability of successful implementation
might be rejected in favor of a lesser plan with a higher probability of successful
implementation. In additio~ plans might be combined to increase
implementation probabilities, or efforts might be made to reduce barriers to
implementation (when barriers can effectively be identified).

Qualitative Analysis

Qualitative mdysis is a catchall that would include a careful examination
of the best choice considering factors omitted in the analysis, assumptions made,
factors that could not be quantified, uncertainties, and the results of the other
phases of interpretation.

Measurement of Transit Benejits 21



SIS.WNVUOdX210MIWVWV



A FRAMEWORK FOR ANALYSIS

The Benefit Tree

TRANSIT

/\
Alternative

/\

supply

,.

Travel Land-use

The benefit tree provides a display of what might happen as the result of
transit service. Because transit exists, there are certain consequences. These
consequences may not necessarily be benefits but merely impacts resulting from
the improvement of a transit system. Impacts can be significant or insignificant
depending on the chosen viewpoint the scope of analysis and the nature of the
base alternative.

First, transit provides an alternative means of travel that mayor may not
actually be used by any given individual. Because transit exists, people have
options available for travel for unusual occurrences, for the future when a person
may not be able to use an automobile, or for the transit dependent.

Second, trip making occurs, which can result in a shift between automobile
and transit travel or trips by persons who could not otherwise travel. Trip
making, in tu~ results in changes in user resources (time, cost, etc.), changes in
facility needs, environmental effects and so forth.

Third, transit accessibility makes land more or less valuable, causes shifts
in life styles, preserves open space, affects interaction among people, and affects
the efficiency of certain public services.

Fourth, transit exists as an enterprise that employs people in its operation
and construction. It too uses resources.

The benefit tree shows how consequences are related. The tree is divided
into five branches. Vertically, the tree grows in specificity from top to bottom.
Double counting occurs when benefits are included at multiple levels on the tree.
Some benefits can be quantified, others cannot.

Measurement of Transit Ben@its 23
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A FMEWORK FOR AM4LYSIS
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A FR4MEWORK FOR ANALYSIS

health care and employment, not only allows for an individual’s independence,
but reduces public cost.

Recreational RWng. Transit can be a form of recreation in many cities,
such as San Francisco, where tourists enjoy riding the cable cars or historic
vehicles. People may be attracted to the city for other activities (conventions,
shopping, fairs, exhibitions, sporting events, etc.) because of the novelty of the
transit system.

Major Branches ~ 0’s snd D*s

Transit provides many benefits while
providing travel from designated

origins to destinations

m

&2 &3

Measurement of Transit Ben@s 27
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A FRAMEWORK FOR AA?XLYSIS

I

v
Access to Discrectionaw

v
Independent Living

Transit gives youth, elderly and
other dependents freedom of

movement

1

v
Access to Health Care and

Activities Essential Activities

-l_
v

Reduced Public Cost

Less dependence means less
cost to society

+
Em 10 ment

a

Dependent people have
better job access

Welfare

&

Measurement of Transit Benefits 29



\/’
J+ISNVML

SISA7VNVHOdX210MZWV&lV



A FRAMEWORK FOR ANALYSIS

of privacy, frequency of contact with strangers, and equity are all affected. Some
of these consequences can be viewed as benefits, others as disbenefits, depending
on the point of view. Interaction increases familiarity with others, and it presents
opportunities for networking, better communications, and understanding. Transit
use can encourage a different life style. Travel by transit also affects users’
freedom and their confidence in the ability to get places, to travel independently,
and to travel punctually. For some this change is negative, while many people
view it positively.

Automobile Related Benefits. Transit travel also provides benefits to both
users and nonusers by decreasing the number of automobiles on highways as
shown in Branch 2. Fewer automobile trips may mean less need for expanded
highways, less parking facilities and less traffic control needs. Fewer automobile
trips mean less energy use, less land consumptio~ and less accidents. Reduced
automobile trip making affects the time and cost of meeting travel needs for
remaining automobile users.

Environmental Effects. Shifts of travel between automobile and transit
lead to a healthier environment. Reductions in overall travel lead to iower air
pollutant emissions, reduced noise levels and other effects.

Memuremeti of Transit Benefits 31



A FRAMEWORK FOR ANALYSIS

Branch 2

0Viewpoint:
•l Local
❑ Regional
R National

User Effects

Those who use autos benefit

from less congested
highways

Operating and

as

Destination Choice

&

,.. .

v
Environmental Effects

Trips shifting to transit affect

energy efficien~, air and
noise pollution

32 Measurement of Transit Benejits
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A FRAMEWORK FOR A.NA.LYSIS

Branch 3 Travel By Transit

oViewpoink
❑ Local
❑ Regional
❑ National

IThe choice of transit over other
modes for both regular and

occasional trips I

I 1

*

+
Transit Trips

Those making transit trips
receive benefits directly from

their travel

r

Ei!isia
*

Change in Lifestyle

&

.

Opportunities and constraints Transit has different exgosure for

of transit travel affect lifestyles

mm ‘: ‘; =-

-mm

Times horn origin to destination
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A FRAMEWORK FOR AN4LYSIS

Land-Use and Economic Consequences

Transit affects land-use and economic activity in different ways than
highway systems. Generally, transit can sustain more concentrated land-use
patterns. An evaluation of land-use and economic activity is complex. Some of
the land value and economic changes occur because of savings in user travel time
and cost, while other land-use changes are shifts of activity from one location to
another. Care should be taken in the interpretation of these effects, especially
if they are combined with others. Increases in economic activity can lead to
incre&es in land values.

TRANSIT

+
Land-Use Consequences. With concentrations of activities, public services

Land-use become more efficient. There is a reduced need for sewer, water, and other

/1>

utilities with higher densities. Services such as police and fire protection may
become more efficient with less land area to cover. Furthermore, operating costs
of these services may become smaller per unit of delivered service because of the

EKlciency Land Interaction concentration of activity.

Preservation
A concentrated land-use pattern also can lead to more interpersonal

contacts, increased networking, productivity and community interaction.
Communities with high levels of transit service and concentrated land use
(“Eurocity”) have very different levels of interaction than places that are
automobile dominated, and lower densities (“horizontal city”). These effects
could be positive or negative depending on how they occur. Increased
interactions could have a synergistic effect on the destructive effect (say, from
more crime) depending on ‘many factors.

Concentrations of activity also lead to more preservation of open space for
agriculture and natural areas. Concentration has effects on the value of land at
a speciilc location. While the net change in land value for all land in an urban

36 Mecmurement of Transit Benefits
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Branch 4

rViewpoint
❑ Local
❑ Regional
❑ National

A FMEWORK FOR ANALYSIS

Land Use/
Economic Activity

Transit creates concentrated land

use and affects the nature of
economic activity

I

v
Efficiency of

Public Services

Other transportation related

services become more efficient
as fewer people use autos

[

m
lnte~ersonal

mm
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A FRAMEWORK FOR ANALYSIS

Transit Supply Consequences

Finally, the existence of transit,by itself, has benefits and impacts as shown
in Branch 5 of the tree.

Community Support and Prestige. At the local level many people feel
that a transit system (particularly a fixed guideway system) adds to the prestige

TRANSIT
of the city, perhaps qualiijing their city for “world class” status. Prestige cannot

+

be quantified, but it can be of critical importance when decisions are made at the
local level. People may support transit because they have a general belief that

TransitSupply
it makes a positive contribution to the environment and to society.

/1 L Facilities. Facilities and their construction cause temporay or permanent
impacts that may constitute either benefits or disbenefits. Jobs are created
through construction and materials consumption if the construction is a new

Operations Community Facilities activity for an area. Construction can be temporarily disruptive, including loss of
support customers for some businesses, spot congestio~ and general inconvenience.

Facilities consume vacant land or productive land. Land near stations can
become good sites for secondary developments.

Operations. Transit agencies employ people, consume resources and make
purchases as a result of their operations. These activities are multiplied as their
impact is felt through the local economy.
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Branch 5

A FRAMEWORK FOR ANALYSIS
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A FRAMEWORK FOR ANALYSIS

G. STATE OF THE Benefit Measurement in Transit Studies
PRACTICE

This section describes the benefits typically identified in various planning
and other technical documents for new transit systems. The description only
reflects what is felt to be important by local agencies as they analyze alternative
systems and propose systems for implementation.

A list of benefits and impacts was compiled from Alternatives
Analysis/Environmental Impact Statements for major transit investments. Within
the AA/EIS’s, the government requires certain impacts to be quantified including
air and noise pollutio~ travel times, land value, employment, etc. Local agencies
can add other factors to this list and elaborate on required iterns in order to
make their case more convincing.

AA/EIS’s provide evidence of which benefits are of greatest importance
to each community. One city may emphasize quality of life while another may
emphasize travel time savings.

Fifteen alternative analyses, environmental impact statements and
economic impact assessments were reviewed. Results from this analysis are given
in a table on the following pages. Cited benefits are indicated, as well as whether’
an effort was made to quanti~ the benefits. The categories for the benefits were
developed from the benefit tree as discussed previously. A reading of the
AA/EIS’s reveals that communities cite a wide variety of benefits. There are a
few differences between cities. None of the cities considered the option value of
transit,while most considered the reduction in automobile trips, land preservation
and transit operations as benefits. The cited benefits can be discussed in terms
of the four major branches of the benefits tree: transit as an alternative, travel
related changes (Branches 2 and 3), land-use/economic effects, and transit supply.
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A FMEWORK FOR AN~YSIS

‘Ikansit Supply

Consequences of an expanded transit system are discussed but not
necessarily quantified. Community support (added prestige or “world class” city)
is sometimes mentioned. For example, according to the Metropolitan Atlanta
Rapid Transportation Authority, “

Rapid rail transitrepresents a major public investment which has and
will continue to greatly influence Atlanta’s future development
pattern. The region will continue as one of the nation’s pivotal
distribution points linking the United States and the world with the
rapidly growing Southeastern market.12

Employment Impacts of facility construction are cited in every W/EIS.
Very often this is done by estimating the employment activity per year during
construction. Effects on employment for operations are also given. Generally it
is felt by the community that such jobs are a local gain since they are new to the
area. Whether such jobs are shifts from other areas and whether more jobs would
be created by investing funds in other activities are seldom mentioned.

%lART~ Tranait Station Areaa Update, August, 1986, p. M.
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A FRAMEWORK FOR ANALYSIS

“Debates over comes of uction tend to
center on benefit hues. Advocates
believe there are substantial benejits of
trmzrit investment, while those people
opposed doubt that such benej?ts &t.”

Debates over courses of action tend to center on benefit issues. Advocates believe
there are substantial benefits of transit investment, while those people opposed
doubt that such benefits exist. In most cases, these opinions existed independently
of any attempts to quantify benefits. Studies that measured benefits were ignored
or discredited or cited as authoritative depending on one’s position on the proposed
project. In most places we visited benefits were a matter of belief rather than an
agreed fact. Furthermore, many benefits cited were intangible and difficult or
impossible to measure.

The strongest criticisms come from those who believe that rail
development cann~t possibly be cost effective. In a role reversal, some critics are
accusing political leaders of being too visionary, of not appreciating the obstacles
to a successful system and of placing too much faith in travelers’ willingness to
adapt to the changing transportation system. Technical analysis used to justify
rail programs have been challenged by opponents, saying that the positive results
were predetermined by the chosen methods. The critics have taken a
conservative position relative to the potential benefits of a rail progrm
suggesting that most of the benefits are small and that overall non-quantified
benefits do not exist. They say that it would be better to spend the money on bus
services that can blend with he automobile-oriented life style of the community.
Advocates, on the other hand, place high weight on nonquantified consequences
and are optimistic on other effects.

In the cities visited those interviewed felt that the community supported
transit principally because of the promise of congestion relief. Concerns about
air pollution and energy consumption were also expressed in some locations.
Supporters of transit included downtown interests, who believed that the center
of the city could not experience any future growth without an increase in
transportation system capacity. Comparisons to other “world class” cities were
made in several of the cities we visited. Transit was seen as an important factor
in civil pride and prestige. However, it was also mentioned in several cities that
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A FRAMEWORK FOR ANALYSIS

Role of Political Process

Transit planning, especially for new rail systems, is fundamentally a
political process, assisted by technical analysis. Our experience was that most
local planners do not feel it necessary to evaluate the benefits of its rail program
because they have received a mandate for the program in the form of a clear
political mandate and/or successful referenda. The decision makers are all actors
in the political process, and they decide which parts of the transit program receive
funding.

Transit is seen by some elected officials as a means of revitalizing the
community, containing sprawl, and encouraging growth in high density corridors.
There exists a strong belief in the cities visited that they have a dynamic
community, rapidly changing in both its urban form and its demographics. The

‘Transitplanning especially for new rail vision of rail transit development is that it can help reshape the community into

systems, is jim.damentally a polithd a more efficient one and that it can overcome the almost complete dependence

process, twisted by technical analysis.” on highway transportation.

Transit relies on key elected officials for its support. If these key officials
lose elections or leave office, there can be significant changes in direction.
Projects are dropped or scaled back as other issues gain emphasis. The level of
benefits may remain the same, but different people pursue other political
objectives.

In some cases support for transit occurs because of a compromise between
highway goals, environmental interests and other factors. Some level of transit
investment is needed to gain support for overall transportation programs that
include substantial investment in other modes of transportation. Furthermore
support of advocates for environmental protection is obtained by supporting
transit in exchange for compromises in development policy. Transit is another
issue that mixes into an overall package of programs assembled by elected
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MEASUREMENT TECHNIQUES

PART IV. MEASUREMENT
TECHNIQUES

“Sincea decirion involves a comparkon
of alternatives, only those consequences
that are likely to be sijyificantly different
between alternatives need to be looked
at extensively.”

Overview

The benefits tree shows that transit can have a wide variety of
consequences. These consequences occur because transit provides an alternative
means of travel, because transit provides a means of making trips, because land
use can vary and because transit is an enterprise. Each of these categories of
consequences leads to other effects, which in turn lead to still more effects.
While measurement of all effects at all levels of the tree may appear to be a
difficult (if not an impossible) task there are factors that may make the problem
less difficult. The purpose of a given benefits analysis and the nature of the
decisions to be made are two important factors in making the process easier.

An understanding of the decision process will help to identify those
consequences that should be looked at in detail. Since a decision involves a
comparison of alternatives, only those consequences that are likely to be
significantly different between alternatives need to be looked at extensively. If
a consequence is likely to be the same for all alternatives, it will not make any
difference in the decision. The scope of analysis can therefore be reduced.

A second way of simplification is to avoid combining consequences to
produce aggregate estimates of benefits. Valuation is often difficul~ and it can
easily lead to double counting. There is also an “apples and oranges” problerm
For example, it is impossible to add prestige to emissions reduction in any
meaningful way. If a difference exists and if it is significant, then it should be
expressed in the most understandable terms. The most understandable terms for
emissions reduction might be tons of pollutants reduced; the most understandable
terms for prestige might be a summary of results of an attitudinal survey.

A final way of simplifying the analysis is to use the branching of the tree
to get more general indicators. Transit trip making affects lifestyle in a number
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MEASUREMENT TECHNIQUES

MEASUREMENT TECHNIQUES FOR TRANSIT CONSEQUENCES
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MEASUREMENT TECHNIQUES

H. TRAVEL REIATED Measuring Travel Related Benefits
BENEFITS

Travel related benefits are those that result from increased accessibility
when a transit system is improved. Benefits can accrue to a transit patro~
because a trip can be made with less time, cost or inconvenience by transit than
by some other alternative. Benefits can also accrue to an automobile driver or
a passenger, because there might be less congestion on some streets due to
increased transit usage. Benefits can also accrue a traveler who might choose to
make an additional trip by either mode or might choose to switch modes.

Many past benefits studies have determined that the largest single user
benefit from a transportation system improvement is travel time savings.
Additional user benefits include savings in costs of fuel, tolls, fares, vehicle
ownership, and vehicle maintenance. Intangible user benefits can include the
comfort of travel, the ability to make entirely new trips, or to satisfy trip
purposes by traveling to better but more distant destinations.

In our largest cities, there has been an increasing interest in transit’s
impact on traffic congestion. There are two aspects to this impact: (1) the
degradation of traffic flow associated with buses mixed with automobiles; and (2)
the improvements in trafilc flow that might occur if some drivers can be
persuaded to take transit. Both of these effects should be components of user
benefits.

When dealing exclusively with highway travel, it is sometimes possible to
estimate user benefits by adding individual components. For example, by ignoring
changes in mode or destination it is possible to compute time saving from a
highway improvement by subtracting the “after” total travel time from the “before”
total travel time. Transit benefits are far more complicated, so it is easiest to
estimate them directly from the net consumer surplus of the system change. If

64 Mem.wement of Trarnit Benefits



“P

“3

“q

“B



MEASUREMENT TECHNIQUES

‘The essence of thk approach is to use
behavioral travel choice models as the
indicator of willingness-to-pay and the
basis for benejit measumment. ”

number of ways, including using automobile ownership forecasts that
relate to the extent of transit semice.

e. The amount of traffic estimated for each segment of road must be
properly sensitive to the amount of congestion on that segment.
Furthermore, the amount of estimated delay on each road segment
must accurately reflect the amount of traffic. If both these conditions
are satisfied, the forecast is described as having an “equilibrium traffic
assignment”.

f. The estimate of mode split for each possible trip should be properly
sensitive to the amount of congestion on the road network.

g. The procedure should be capable of market segmentation that is, to
incorporate data from user groups with different circumstances.

Procedures for creating such a forecast have been developed over the past
several years, and are already available in off-the-shelf travel forecasting
packages. The essence of this approach is to use behavioral travel choice models
as the indicator of willingness-to-pay and the basis for benefit measurement.
Additional elements may be needed, depending upon the nature of the transit
system moditlcation and upon its long-term effects on urban development.

A ballpark estimate of user benefits can sometimes be made with a less-
than-ideal travel forecasting model. Such a rough estimate is not always
desirable as some benefits maybe underestimated; the method will be explained
later in this chapter.
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MEASUREMENT TECHNIQUES

When doing a complete benefits calculatio~ it is also essential to consider
losses in consumer surplus elsewhere in the system — on other transit routes or
on highways. The above example would be totally correct only if the new riders
had not been already making the same trip by some other means.

Clearly, benefits still can accrue when there aren’t any changes in fare,
such as with improved headways, elimination of transfers, faster speeds, or line
extensions. Some service improvements can decrease the duration of the trips;
other service changes improve the convenience of trips. It is important to include
these nonmonetary changes in any estimate of consumer surplus.

Disutility Measures

For any given transit trip it is possible to calculate a comprehensive
measure of its costs and inconveniences, called the trip’s “disutility”. Disutility
is most easily interpreted when it is expressed in units of automobile riding time.
A typical disutility function would look like:

Disutility = automobile riding time +
(transit riding time)(transit riding weight) +
(walking time)(walking weight) +
(waiting time)(waiting weight) +
(transfer time)(transfer weight) +
initial wait penalty + first transfer penalty +
second transfer penalty +
fare/(value of time) +
(tolls + parking costs +
vehicle operating costs)/(value of time) +
(vehicle ownership costs)/(value of time) . (H.1)
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MEASUREMENT TECHNIQUES

In that case the ownership cost of an automobile should be included in the
automobile disutility equation for those who consider this a factor.

Travelers have a willingness-to-pay in units of travel time.13 They will
choose to ride only if the disutility of travel (in time units) is less than their
willingness-to-pay (in time units). Consequently, travelers possess a consumer
surplus of disutility in time units. This disutility maybe mathematically expressed
as a time savings or converted to monetary units by multiplying by the value of
time.

%-Iorowiz Alan J., 1980, pp. 175-182.
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TI

T2

Q1 Q2

Figure H.2. Approximating the net
consumer surplus integral with flat
trapezoids.

Tat

Ta2

Qal Qt12

Figure H.3. Effect of a transit system
improvement on net consumer surplus
for automobile users.
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MEASUREMENT TECHNIQUES

A Numerical Example

Consider the network of Figure H.4 and the accompanying data. There
is one ori~ one destinatio~ and two modes - bus and automobile. There are
1400 person trips made between the origin and destination during the peak hour,
of which 50 trips are captive to transit. The remaining 1350 travelers have a

Ori in

A

choice of modes. Transit disutility will be reduced, on average, from 50 minutes
to 40 minutes by a variety of service improvements. The practical capacity of the
road is 650 vehicles per hour and the average number of passengers per
automobile is 1.2. The trip takes, on average, 20 minutes under uncontested
conditions by automobile.

Bus Automobile The disutility by automobile, T., can be estimated from the BPR travel

v time/volume forrntiai4

T, = (uncontested travel time) x [1 + 0.15x (volume/practical

Destination so

T, = 20x [1 + 0.15x (volume/650)4]

capacity)4]

(H.5)

Figure H.4. The number of travelers choosing the bus can be estimated by adding the captive
riders to those choice riders who chose transit:

Qb = (Captive Riders) + (Choice Travelers) x P~ (H.6)

Where P~ is the fraction of choice travelers who chose transit. The remaining
travelers go by automobile. The flaction of choice travelers choosing the bus may
be found from the logit model:

14Federal H@way Administratio~ Report HHP-24/R8-83, August 1973.
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MEASUREMENT TECHNIQUES

The results of Table H.2 can be easily confirmed by substituting these resuhs
directly into Equations H.5, H.6 and H.7. In general, results such as those in
Table H.2 would be outputs of rather complex simulation that incorporates the
necessary feedback loops.

Using Equation H.1, the consumer surplus for the system can be
computed:

Net Consumer Surplus Transit = (50 - 40)(357+462)/2

= 4095 person minutes

and

Net Consumer Surplus Automobile = (29.6 - 26.3)(1043+938)/2

= 3269 person minutes

for a total of 7364 person minutes.

This example assumed that the only effect of a transit improvement is to
shift people from automobile to bus. New trips, had they existed, could have
been easily handled within this framework. For example, if the sefice change
generated 40 new transit trips, their consumer surplus would be 40 times their
average improvement in disutility

= 40X (50 - 40)/2

= 200 person minutes.

The net consumer surplus would then be 7564 person minutes.
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‘!lfa penon chooses a different travel
behavio~ there must be a net positive
benefit. ”

Unlike time savings, net consumer surplus takes the mode choice decision
at face value as a description of choice behavior. Since mode choice models are
developed to represent consumer behavior, it should logically follow that they
also can be used to determine how much the traveler benefits when that behavior
takes place. If a person chooses a different travel behavior, there must be a net
positive benefit (or a smaller loss).

Value of Time

Values of time have been tabulated for many different travel situations.
A majority of studies establishing a value of time have done so by statistical
analysis of mode split data. Statistical procedures have varied, yielding varied
results. However, the bulk of values of time fall between 12.5$%and 50% of the
prevailing wage rate. Many transit studies have adopted standard values of time
— one third of the wage rate for work trips and one-sixth of the wage rate for
non-work trips. A value of time would permit conversion of disutility (in time
units) back to dollar units.

For example, assume all the travelers in the previous example are going
to work and they all make $12 per hour. The value of time is then $4 per hour
(one-third of the wage rate) and there are 245.45 hours of consumer surplus for
a total of $981.80 worth of benefits.

Economists have confirmed that different people have different values of
time while traveling; for example, high wage earners benefit more from a time
savings than low wage earners. This line of reasoning can produce the
controversial conclusion that the best transit systems are those that sexve high
income people. Systems that serve low income individuals (often minorities)
achieve less monetary benefits because of their lower values of time. A strict
measure of monetary benefits must include this income variation. For this
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MEASUREMENT TECHNIQUES

benefit. Other economists state that small time savings should be counted
anyway.

The practice of discounting small, individual time savings assumes that
travelers are instantly granted these savings and have no means of adjusting their
lifestyles to them. It further assumes that the travel patterns are identical across
alternatives. Neither of these assumptions are valid. A time savings, regardless
of its size, is beneficial.

Enhanced Consumer Surplus without a Travel Forecasting Model

The effect of many service changes can be roughly estimated in numerous
ways; for example, the similar route method, elasticity method, and the pivot
point method. The elasticity method is particularly popular for small, short-term
service changes to individual bus routes. Elasticity may be defined as the
percentage change in output divided by the percentage change in input so long
as the changes are small. For example, assume a bus route had a reduction in
headways from 25 minutes to 20 minutes and this resulted in a route ridership
increase from 3000 to 3300. Thus, there was a 10 percent increase in ridership
associated with this 20 percent reduction in headway. The elasticity, in this case,
was -0.5. Some typically found values of elasticity are reproduced in Table H3.
Although elasticity values can be adopted from other cities, local knowledge is
strongly preferred.

The benefits of a small, short-term semice change can be easily estimated
from Equation H.2. We should use Equation H.3 for a large setice change,
because the typical assumption of constant elasticity implies a nonlinear demand
curve. In other words, larger service changes should be arbitrarily broken into
a series of smaller service changes for the purposes of benefits calculation.
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Table HS. TYPICAL VALUES OF ELASTICITY FOR
TRANSIT SERVICE CHANGES

Bus Fare -0.4

Rapid Rail Fare -0.2

Headway -0.5

Bus Miles 0.9

Households within Service Area 1.0

Source: ‘Travel Response to Transportation System Changes,” FHW~ 1981.

Table H.4. CONSUMER SURPLUS WITH ELASTICITIES

Headway Change in Before After Net Consumer
Reduction Disutility Ridership Ridership surplus

3oto25min 4.75 min 2400 2600 9975

25 to 20 min 4.75 min 2600 2817 12865

20 to 15 min 4.75 min 2317 3052 13939

Total 36779
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Figure H.5. Combined-Steps Methods of Travel Forecasting
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Meadows Apartments has a transit disutility of 40 minutes and an automobile
disutility of 15 minutes. With an a value of 0.06, the composite disutility is

Ttij = in [ exp(-O.06 x 40) + exp(-O.06 x 15) ] / -0.06 = 11.64 .

The composite disutility is always smaller than the smallest value of its
components.

Approximating the Net Consumer Surplus Integral with Trapezoids.
Transit service changes can be either discrete or continuous. An example of a
discrete service change would be the addition of a new rail station. An example
of a relatively continuous service change would be an improvement in headways.
It would make sense to compute the net consumer surplus of only part of a
headway improvement but it would make little sense to compute the net
consumer surplus of only part of a new station. For discrete sewice changes,
there can be only two possible valid forecasts – with and without the change.
Consequently, net consumer surplus must be computed by Equation H.2,
recognizing that a slight overestimate in benefits is possible.

For continuous service changes, the calculation of net consumer surplus
can be more precise. The service change can be arbitrarily divided into several
increments and the net consumer surplus computed for each increment as the
area of a flat trapezoid. The sum of the net consumer surpluses for each
increment is the total net consumer surplus. The major drawback to subdividing
service changes in this manner is the added computation time necessary to
evaluate each amount of intermediate service.

Need for a Realistic Null Alternative. Net consumer surplus is always
calculated between a before case and after case. The most relevant before case
is the null alternative, i.e., the most likely state of the community without the
service change. The null alternative is not necessarily the current state of affairs.
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Avoiding Double Counting

The notion of consumer surplus encompasses all user benefits, including
all direct manifestations of these benefits. Because it is such a broad measure,
care must be taken to avoid double counting. Some areas where double counting
could occur are as follows.

Land Value Increments. Land value increments which are consequences
of greater accessibility by transportation system users should not be counted.
This is frequently the case. Those land value increments that are due entirely to
agglomeration effects could conceivably be counted, but they are difficult to
isolate. For example, a more dense land-use pattern would lead to lower costs
of public utilities. These are properly counted as benefits. When measuring land
value increments that essentially result fkom a redistribution of activities (such as
agglomeration effects) it would be necessary to count both gains and losses
throughout the community. The size of the study area selected will affect this,
since the losses could occur outside your study area while gains occur inside.
Since losses are particularly difficult to ascert~ it is best to avoid counting land
value increments as benefits except those that can be attributed to higher density.

Vehicle Operating Costs. Vehicle operating costs include the costs of fuel,
maintenance, insurance, and depreciation. Since the vehicle operating costs are
included — explicitly or implicitly through calibration — in a good mode split
model, they should have already been included in net consumer surplus.

Benefits not Included in Consumer Surplus

Consumer surplus only measures the benefits of system changes that are
perceived by users during their daily trip making. Consumer surplus does not
take into account benefits to individuals that are not immediately perceived, long-
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I. LAND-USE EFFECTS Introduction
OF TRANSIT

Many people believe that the benefits stemming from land-use changes
induced by improved transit services are quite significant; however, the existence
of these benefits has been difficult to demonstrate accurately, although almost
every newly published environmental impact statement for local transit
improvement cites these benefits.

Some researchers have recently adopted a contrary opinion that travelers
will tend to undercut the benefits of transit system improvements by varying their
behavior to take advantage of the new supply.

Our goal in this section is to construct a prospective, analytical procedure
for assessing the impacts of transit on land use, which can allow forecasts and
comparisons of land-use/travel-efficiency consequences of various options of
transit improvement. This goal could be achieved if the procedure has these
features: (1) the procedure must be simple, straightforward, cheap and easy to
understand and operate by a potential user; (2) it must be sensitive to
transportation facility variables, including transit variables; (3) the accessibility
variables in the procedure should reflect “elastic” disutilities of each linlq (4) the
outputs of the procedure could be easily analyzed in terms of consumer surplus
and other trip-making benefit indicators. In this chapter, we will:

■ briefly explain the theories of residential location and elastic-demand
equilibrium assignment;

■ construct a procedure to forecast land-use changes induced from
improved transit services;
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and who are sensitive to the locations of their customers. Services are further
subdivided into two classes: those that serve people and those that serve
businesses.

A residential location model is used here. Residential location models, in
general, have the following advantages in operation over a land-use model.

It can use exactly the same zone system as the travel forecasting
model.

Calculations are faster and computer requirements are modest.

Because fewer types of activities are moving spatially, it is easier to
keep track of whit the model is doing. - - -

Consequently, a residential location model has lower costs, is faster, and
is easier to master. We have adopted this type of model as one theoretical
concept for assessing the land-use benefits induced horn transit semice
improvement.

The simplest residential location model is a form of the gravity model. In
this situatio~ trips are produced at the workplace and attracted to home. Thus,
work-based home trips originating at zone i and ending at zone j are:

T..lj(wbh)= ei Wjf(tij) / (~j ‘(tij)

j

Where:

wj is the residential attractiveness of zone j;
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Employment. Total employment, ei, for each zone includes both “basic”
industrial employment and service employment.

Disutility of TraveL Disutility, as previously discussed, is always expressed
in units of time but may include cost and inconvenience factors, as discussed
before under consumer surplus. Disutility includes travel between zones as well
as within the zone (intrazonal disutility). Intrazonal disutility could be found by
this formula:

Where t~ is the disutility necessary to travel one mile, and D is the gross area of
the zone in square miles.

Deterrence Function. The concept of deterrence function is similar to a
friction factor in traditional travel forecasting. The most popular deterrence
function is of the fonq

‘(4j) = exp{-fl tij}

where p can be empirically derived or set.

If we assume that there is exactly one trip home for each worker, the
number of workers residing in a zone is simply equal to the total home-based
work trips in that zone. The population can be easily derived from this number,
by multiplying by the population to employment ratio. Dwelling units can be
found by a similar method.
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S{ } is the cost function

v is a set of policy variables influencing modal costs

d, f are sets of parameters influencing the demand for and cost of
travel, respectively.

A good solution method for these interrelated formulas is the equilibrium
travel forecasting method outlined earlier in this report. Land-use distribution
also depends on the disutilities of each ~ so an ideal land-use forecasting
model should be sensitive to the changes in disutilities. The procedure for
finding an equilibrium land-use/travel solution is discussed in the following
section.

Land-Use Forecasting Procedure

The land-use forecast model consists of two interrelated parts: a land-use
forecast and a travel forecast. Solving them together allows calculation of users’
benefits from forecasted levels of highway use and transit ridership. The
procedure is illustrated in Figure 1.1. This procedure differs from a conventional
travel forecast pticipally by the nested feedback loops between land use and
travel, as well as for travel equilibrium. Those loops assure that residential
location properly reflects the level of congestion on the highway network.

—-- 1 .

Framework of the Model

Figure 1.1
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disutilities and travel patterns of the null alternative with those of an improved
alternative based on the projected land-use redistribution from null alternative.
An example will be given later. Another type compares the disutilities and travel
patterns under the projected land-use changes of the null alternative with those
under the projected land-use changes of an improved alternative. The first type
simply compares the benefits caused by improved transit sexvice itself. The
second type compares not only the benefits caused by improved transit service
itself, but the benefits caused by land-use changes induced by improved transit
services. The difference between these two is the land-use effects of an improved
alternative.

The benefits could be measured in terms of consumer surplus, amount of
congestion relief and trip length. If we hold total trip productions constant in the
travel forecasting model, then the users’ benefits are totally attributable to modal
shifts and travel pattern changes. The benefits caused by entirely new trips are
not included, but could be in a more sophisticated modeling framework that
relates trip generation to improvements in the transit system.

Consumer Surplus. The net consumer surplus from land-use changes
induced from improved transit services include both benefits to automobile users
and benefits to transit users. As transit service improves, both disutilities for
automobile and transit will decline. They could be reduced further if trip lengths
become shorter, as well. Net consumer surplus is calculated by the method
described earlier in Section H.

Congestion Relief. Congestion relief can be measured by observing the
volume-to-capacity (v/c) ratio changes on each link. The categories of v/c ratio
can be set, for example, 0-0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0 and more than 2.0.
(Volume to capacity ratios greater than 1.0 are possible when “capacity” is defined
as being LC)S C conditions, as is commonly done in travel forecasting models.)
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An Example —Wausau, Wisconsin

Wausau, a city in central Wisconsi~ has been selected as a case study site.
It is a city with two modes - bus and automobile. For the purpose of assessing
the benefits, we set the null alternative for our comparison to the existing
networks of both modes. We designed two alternatives. The design alternative
A is upgrading existing transit system headway from 30 minutes to 15 minutes.
Alternative B is resetting transit fare from 50 cents to zero and system headway
to five minutes. Also, three different growth scenarios were set for the analysis
to test the marginal benefits by allowing land-use changes under different levels
of congestion. The first scenario is the existing city (low congestion). The second
growth is 1.5 times more activity than now. The third scenario is two times more
activity, and it results in a very congested network. The QRS II (Windows
Version) software package was used for the travel forecasts. A detailed
explanation of the process used for this analysis is given elsewhere.19

Results: Land-Use Redistribution. A comparison of the dwelling unit
redistribution due to transit changes was conducted for both design alternatives.
Zonal trip production was defined as the sum of the number of employees in
each sector (retail and non-retail). lkmal trip attraction was defined as the zxmal
net developable area. An exponential model was used for trip distribution.
Parameters for the trip distribution model, P, were adopted from a previous land-
use study (hbw = 0.12, hbnw = 0.11, nhb = 0.11). The conversion factor from
home-based work trips to dwelling units was set to 1.5. The time period of travel
was set on the peak hour (5 PM). Results are given after three fidl land-use
iterations (outer loop).

The maps of Wausau on the following pages show how land redistribution
changes under each of the alternatives. Each map shows the change in the

19Gon& Zejun, March 1993.
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Congestion Relief. The attached charts indicate the level of congestion
relief for home-based work trips as transit service improves. Generally, the
model shows a reduction in the pattern of vehicle trips operating on congested
links and or increase in the portion on lower v/c links. This congestion relief
results from the shift of trips to transit and a reduction of automobile trips.
Effects are relatively minor for alternative A and somewhat larger for alternative
B.

Trip Length. The attached figures show that transit improvement will
increase the percentage of shorter trips and decrease the percentage of longer
trips in the network, which makes the distribution of the trip length flatter under
eve~ scenario. The differences between alternatives are relatively small and
occur mostly with the shorter length trips.

Conclusions. It is possible to determine the effects of land-use changes
and transit systems changes through an enhanced consumer surplus approach.
Such a technique looks at overall weighted travel times by mode and permits land
use to shift in response to transit improvements. For the example tested the
largest benefits accrue to transit users, with additional benefits to automobile
users. Land-use benefits were relatively small in the examples we tested and can
be positive or negative. Benefits were only slightly negative for existing levels of
urban activity. The technique is relatively easy to apply and can be useful to help
interpret land-use and travel consequences of transit investment.
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Methods of Measuring Benefits

Vehicular Controls. If monetary benefits are essential to the analysis, then
the most expedient method of measuring them is to find the costs of achieving
emission goals by means other than transit. If the goals are modest and the
technology exists, then benefits assessment is a simple matter of finding the price
of the pollution control technology — cleaner fuels and vehicles, more inspection
and maintenance, better vapor recovery, etc. — and detemining how much of
these technologies are needed to reach the goal.

Behavioral Controls. If the goals are difficult to reach and cannot be met
without changing travel behavior, then there are other strategies including travel
behavior that can achieve the same effect as improving transit service. There are
a wide variety of techniques that are being discussed to do this. These strategies
usually take the form of controls that have negative effect on consumer surplus.
For example, higher gasoline taxes would have the effect of reducing automobile
travel throughout the region by eliminating trips, shortening trips and causing a
change in mode split.

A general method of evaluating air quality constraints can be constructed
from these principles. First, determine an equivalent fuel tax to bring emission
reductions to the same level as a transit alternative. (Other methods besides a
gasoline tax could be used if they were felt to be the most reasonable alternative
to transit.) A gasoline tax is useful for comparison in that it affects all
automobile travelers and can be easily added to the travel choice equations. It
is a surrogate for other techniques that would have the same effect on the
disutility equations. The tax would be introduced in the disutility function for the
trip distribution and mode split steps. Second, measure the change in consumer
surplus (it should be negative), by the methods discussed earlier.
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In this example, the disbenefit of a gasoline tax is almost as large in
magnitude as the benefit of the headway reduction. However, to count it as a
benefit for transit requires an argument that draconian traffic controls are
unavoidable without transit. Such an argument could be made in a few large
cities, but certainly not everywhere.

Meeting Transit’s Emission Goals. From a decision maker’s viewpoint,
either of the previous two methods are complex and abstract. The establishment
of emission goals has the advantage of simplifying the decision process — we
possess a direct means of determining if the transit alternative is successful.
Since there are no compelling reasons to try to produce an overall benefit
measure, it is only necessary to compute for each alternative the percentage of
the goal achieved.

Technical Issues

Determining Emission Rates. Those agencies responsible for meeting
obligations under the Clean Air Act are required to estimate emissions by
procedures established by the Environment Protection Agency. For consistency,
it is important that similar procedures be used when evaluating the air quality
benefits of transit. EPA supplies software, MOBILE, for emission calculations.
However, it is not practical to run MOBILE for each and every link in a large
highway network. Instead, it is necessary to use MOBILE to develop a table of
emission factors that vary by speed and by facility type, assuming facilities differ
in their vehicle n@ trip length and cold start characteristics. The table should
have every integer value of speed. It is also possible to express the outputs of
MOBILE in the form of a polynomial:
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completely recalculated using procedures adopted from the HCM. Even better
still, select a travel forecasting model that uses the correct traffic relations in the
first place.
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When considering the actual employment benefits of transi~ it is important
to compare transit employment with employment in other sectors. Does transit
create more jobs than would occur if the funds were left untaxed in the economy?
Does transit provide a significant amount of job creation different horn highway
construction or other capital-intensive projects? Are the created jobs low wage
or high wage? What types of jobs are needed immediately to stimulate the local
economy? Before one can properly determine the impacts of transit upon
employment, all of these questions must be accurately answered with the proper
analytical methods.

Employment impacts of transit investments can be calculated by
performing Input-Output analyses or by using multipliers provided by the Bureau
of Labor Statistics or the Department of Commerce. Various Input-Output
analysis procedures (abbreviated I-O) include those devised by the Regional
Science Research Institute, INPLAN, and others. Each model should be
considered for its reliability, ease of use, COS$and the types of areas used in its
comparative analysis (i.e., region versus regio~ region versus natio~ central city
versus regio~ etc.).

Input-Output Analysis

Input-Output analysis tracks business (public or private) spending patterns
in the basic (export) and nonbasic (local) sectors of the economy. The gain or
loss of regional income per unit of final sales for regional goods and services can
be obtained from these industrial spending patterns. The analysis includes all
final sales to consumers as well as sales to inputs of production.

The basic principle of Input-Output analysis is that the total economic
activity within a natio~ state or region involves the production of intermediate
goods and services that lead to the production of final goods and services. An
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■ Final Ptuchasen —those who buy suppliers’ outputs in their final forms
for final use. Intermediate input purchases are generated by the
demands of final purchasers.

An I-O model divides the economy into many industrial sectors, broadly
characterized as intermediate and primary suppliers and intermediate and final
purchasers. Intermediate suppliers refine the raw materials in the production
process (produce the component parts for the next higher stage in the assembly
process) which, in turn, sell to intermediate and fired purchasers or to factors of
final production. Prinuuy suppliers provide the labor and raw materials to the
production process; therefore, they do not purchase any inputs to make what they
supply. On the purchasing side, intermediate purchasers purchase goods from
intermediate suppliers for continued processing. Final purchasers are consumers
who buy the finished product from intermediate suppliers. The level of demand
by consumers for final goods is determined exogenously (i.e., outside the model).
The demand for outputs (such as all consumption of a transit system) can be
converted into employment impacts.”

Three major assumptions of input/output analysis must be understood
before an interpretation of input/output impacts maybe accurately completed:

1. Direct requirement coefficients are average relationships.

2. Inputs and outputs are directly proportional; i.e., as inputs are doubled
so are outputs. Therefore, estimated economic impacts may be
overstated.

3. There is no substitution of production inputs. Input sources from a
region cannot be substituted for input sources from outside the region.

~endavid-V& 1991.
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Table K1. REGIONAL SALES TRANSACTION TABLE
(in thousands of monetary units)

Manufacturing Transportation Construction Households

Manufacturing 350 730 50 1370

Tranmortation 40 150 75 1735

Construction 30 3501 2001 1920II
Households I 5801 7701 21751 on

<

Table K2. REGIONAL DIRECI’-REQUIREMENTS TABLE

Intermediate Purchasers

Manufacturing Transportation Construction Households

Manufacturing 0.3500 0.3650 0.0200 0.2726

~temediate Transportation 0.0400 0.0750 0.0300 0.3453

Suppliers Construction 0.0300 0.1750 0.0800 0.3821

Households 0.5800 0.3850 0.8700 0.0000

TOTAL DIRE~ INPUT’S 1.0000 1.0000 1.0000 1.0000
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I Table K6. INPUT-OUTPUT INTERMEDIATE PURCHASERS
TRANSACTION TABLE

~ IManufacturing ITransportation Construction

Manufacturing 1.5428 0.5892 0.0486

Transportation 0.0653 1.1099 0.0370
Intermediate
Suppliers Construction 0.0588 0.22S3 1.0948

-
Suppliers 0.92$6 0.9128 0.9868

ITOTAL REQUIRENIENT’S
(AU SUPPLIERS) 2.5955 I 2.8372 I 2.1672
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MEASUREMENT TECHNIQUES

Strengths and Weaknesses

Input-Output analysis yields a more precise measure of economic well
being compared to other economic base analyses. I-O analysis makes it easier
to find which sectors have the strongest influence on the economy. It is a
powerful tool for identifjhg different types of regional economic activities and
linkages. Furthermore, computer software for input-output analysis is readily
available. One can use different assumptions to derive multipliers, thereby
allowing for a comparison of multipliers and providing for more accuracy in
interpretation.

Input-Output analysis, however, is not extremely descriptive of specific
economic impacts. The process of carrying out an analysis is time consuming, and
the most helpful computer software packages tend to be expensive.

The Direct Approach

A more basic technique to determine job impacts is to inventory the inputs
to the production of transit systems. It is the reverse of input-output analysis.
Instead of tracking the linkages of production through an input-output table, the
analyst tries to account for all the inputs supplied to produce the final good, such
as a bus or light rail car. For example, if a city wants to find the number of jobs
generated by a bus system extensio~ it would find where the buses were
assembled and then where each part of the bus was made. By tracing these items
a count of the number of workers used to build the parts could be completed.
This approach to determining employment impacts requires special data
preparatio~ since a computer package is unavailable. It is not possible by this
method to determine if impacts are true gains in employment.
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RECOMMENDED PRACTICE

PART V RECOMMENDED A review of existingpractice of benefits evaluation suggests that improvements
PRACT’ICE are needed. It is essential that an evaluation be consistent with community values

and with observed travel behavior. The following list of major findings and
recommended procedures should serve as a set of guidelines for any benefits
analysis. Detailed explanations are found in earlier chapters.

Mqjor Findings

Transit decision making is dominated by intangibles that do not easily lend
themselves to quantification. Some of the most important benefits of transit are
community pride, health effects of pollutio~ potential for urban redevelopment
equity of transportation service, and its option value.

The political decision process cannot be replaced by an objective technical
evaluation scheme. The political process for transit decision making is firmly
entrenched. Further, the political process is too comple~ too fluid and too
subjective to be replicated by an objective evaluation procedure.

The political decision process is sensitive to good analysis, but may not
respond as the analyst desires. Good technical analysis is always worthwhile
and is appreciated by many political decision makers. However, decision
makers will reject any technical analysis that fails to confirm their beliefs or
fails to convince them that their beliefs are incorrect.

The results of any technical evaluation procedures must be intuitively correct.
Any deviation from intuition will be quickly recognized and will undermine
the acceptance of the analysis.
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RECOMMENDED PRACTICE

Evaluations of benefits in environmental impact statements or in alternatives
analyses are supefilcial. Agencies need to become more aware of good
evaluation methodologies and use the methodologies in their studies. Many
agencies still need to recognize the importance of EIS’S and AA’s to their
decision making.

The benefits of transit improvements are larger in communities where highway
congestion is severe. Simulations of transit systems, using state-of-the-art
techniques, show that user benefits associated with better transit increase rapidly
with the level of congestion on highway networks. Increases with congestion are
seen in both benefits to transit users and benefits to highway users.

User benefits from a transit improvement remain almost as large when long-
term effects of urban redevelopment are included in the analysis. Some
researchers have claimed that reallocation of activities can severely undercut
benefits gained from transit system improvements. When residential
relocation is allowed in a travel sirnulatio~ user benefits achieved are
sometimes smaller, but not signiilcantly. A concentration of activities occurs
with improved transit semice. This concentration is associated with numerous
benefits, including better utilization of existing infrastructure, preservation of
open space and more economical services.

Recommended Procedures

Use the benefit tree to identify important impacts and to help ident~ sources
of double counting. The benefit tree is a comprehensive listing of potentially
positive impacts of transit service improvement. Not all impacts maybe realized
in any given community. Two impacts in close proximity on the benefit tree may
constitute double counting, especially if one of the impacts is directly above the
other.
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RECOMMENDED PRACTICE

A common pitfall in benefits studies is to count employment shifts as gains.
It would take a very sophisticated analysis to demonstrate a net increase in
employment for most transit improvements.

Describe benefits that are not quantified. An objective description of a benefit
should be provided, even if the benefit cannot be calculated. It is a mistake to
omit valid benefits that do lend themselves to a particular evaluation scheme.

Tell how quantified benefits are calculated. The quantification of some benefits
can be technically complicated. Nonetheless, it is important to explain the
methodologies used in doing the calculatio~ including any assumptions made.
Techniques must be explained in a manner understandable to a decision maker;
otherwise it is best to avoid quantification.

Present information in a manner that facilitates decision making. It is important
to treat decision makers with respect and honesty. Information must be
presented in a clear and concise manner, avoiding hidden assumptions and
highlighting those issues that are salient or controversial.
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